BrS was diagnosed when a type 1 ST-segment elevation was observed either spontaneously or after intravenous administration of a sodium channel blocking agent in at least 1 right precordial lead (V 1 and V 2 ), which was placed in a standard or a superior position (up to the
I mplantable cardioverter defibrillator (ICD) is considered to be the main therapy for prevention of sudden cardiac death in patients with Brugada syndrome (BrS). However, there have been several reports suggesting a higher prevalence of complications, such as inappropriate shocks, lead failure, and device infection compared with the incidence of lethal ventricular arrhythmia. 1 BrS is mainly diagnosed ≈40 years of age in men, 2, 3 and sudden death is likely to be eliminated after ICD implantation. Meanwhile, the clinical characteristics and prognosis of elderly patients with BrS are largely unknown, and there are no reports on the incidence of ventricular fibrillation (VF) or the evaluations of the necessity for ICD in elderly patients. Provided that BrS is caused by depolarization abnormality, 4 ventricular arrhythmias may conceivably increase with age.
The purpose of this study was to investigate the incidence of appropriate shocks and ICD complications in patients with BrS during long-term follow-up after ICD implantation and to assess the risk and benefit of ICD implantation in elderly patients with BrS.
Methods

Study Population
The study population consisted of 120 consecutive BrS patients who were admitted to National Cerebral and Cardiovascular Center, Suita, Japan, between 1992 and 2013, and had undergone ICD implantation (115 men; mean age, 46.6±12.2 years). All patients except 1 were index cases. None of all the patients had structural heart disease, including arrhythmogenic right ventricular cardiomyopathy, which was confirmed by noninvasive studies (physical examination, 12-lead ECG, 87-lead body surface ECG, exercise stress test, signal-averaged electrocardiography, and cardiac magnetic resonance imaging or computed tomography), and invasive studies consisting of coronary angiography including ergonovine/acetylcholine injection and right or left ventricular cineangiography. This study was approved by the Institutional Research Board of National Cerebral and Cardiovascular Center. second intercostal space). 5 Type 1 ECG was defined as coved-type J-point or ST elevation ≥2 mm followed by a negative T-wave. 2 Drug provocation tests were conducted with pilsicainide (up to 1 mg/kg body weight injected at a rate of 5-10 mg/min), disopyramide (1.5 mg/kg, 10 mg/min), or flecainide (2 mg/kg, 10 mg/min) during standard and high costal (second and third) ECG recordings. All ECGs were recorded at 25 mm/s and 10 mm/mV and were analyzed by 2 independent cardiologists (T. Kamakura and S.K). Consensus was reached about the diagnosis.
Clinical Data, ECG, and Electrophysiological Testing
Clinical data including age at diagnosis, age at the first episode of VF, sex, family history of sudden cardiac death at <45 years of age, history of supraventricular tachycardia (SVT; atrial fibrillation [AF], atrial flutter, and atrial tachycardia) and ventricular tachyarrhythmia (VF or ventricular tachycardia) lasting >30 s, indications for ICD implantation, and oral therapy were collected for all patients. Electrophysiological study (EPS) was conducted in 100 patients as previously described. 6 ICD was implanted in patients with an episode of VF or syncope judged to be likely caused by ventricular arrhythmias. ICD was also implanted in asymptomatic patients with induced VF at EPS or a family history of sudden death. 2 Vasovagal syncope was excluded by head-up tilt test using isoproterenol infusion and oral nitroglycerin. Genetic testing for mutations in SCN5A gene was performed in 80 patients (67%), as previously described. 7
Follow-Up
All patients were followed up routinely every 3 to 6 months mainly for device interrogation. During follow-up, patients were considered to have an arrhythmic event if ICD interrogation revealed that appropriate shocks or antitachycardia pacing were delivered in response to VF or ventricular tachycardia. The beginning of the follow-up period was at the time of the first VF event in patients with a history of VF and at the time of admission in patients without VF. All the data about VF/ventricular tachycardia episodes, SVT, ICD shocks, and ICD complications were collected during follow-up periods. Electrical storm was defined as ≥3 episodes of VF within 24 hours. Lead failure was defined as a severe lead defect that required surgical correction, which did not include acute lead complications, such as lead perforations and lead dislodgements. Device programming was left to the individual physician's preference but was typically set with a single VF zone with shock only therapy. The medical therapy was decided by the patient's physician.
Statistical Analysis
Data were analyzed with JMP10 software (SAS Institute Inc, Cary, NC). Numeric values are presented as mean±SD or median (with interquartile range), depending on the normality of distribution. The χ 2 test, Student t test, 1-way ANOVA, or Mann-Whitney test was performed as appropriate to test for statistically significant differences. The incidence of VF was calculated on the basis of the age of incident cases at VF occurrence by a person-year method, stratified according to age, which was expressed as a number per 100 person-years of observation. Survival curves were constructed by the Kaplan-Meier method and compared using the log-rank test. A probability value of P<0.05 was considered statistically significant.
Results
Clinical Characteristics and Indication for ICD Implantation
The clinical characteristics of the 120 patients (115 men; mean age at diagnosis, 46.6±12.2 years) are shown in Table 1 . Seventeen patients were ≥60 years at diagnosis. Before ICD implantation, 36 patients (30%) had a history of VF (VF group), 54 patients (45%) had an episode
WHAT IS KNOWN
• Brugada syndrome is mainly diagnosed around 40 years of age in men, and sudden death can be effectively prevented after implantable cardioverter defibrillator implantation.
• The clinical characteristics and prognosis of older patients with Brugada syndrome is largely unknown.
WHAT THE STUDY ADDS
• This study included 120 patients with Brugada syndrome after implantable cardioverter defibrillator implantation with a mean follow-up >8 years. Of the total, 90 had sudden death or syncope. The incidence of ventricular fibrillation (VF) decreased with age; the first VF did not occur after age of 70 years in all patients, and no VF recurrences occurred after age of 70 years in patients without ischemic heart disease.
• The inappropriate shocks because of supraventricular tachycardia increased with age, and the risk of lead failure also increased over time.
• Considering the risk of implantable cardioverter defibrillator-related complications and low risk of VF events associated with advancing age, avoidance of implantable cardioverter defibrillator implantation, or replacement may be considered in elderly Brugada syndrome patients who remain free from VF until 70 years of age. of syncope (syncope group), and 30 patients (25%) were asymptomatic. Among the 30 asymptomatic patients, indications for ICD implantation included inducible VF at EPS and a family history of sudden death (n=12), inducible VF (n=14), no inducible ventricular arrhythmia but a family history of sudden death (n=2), and a spontaneous type 1 Brugada ECG pattern along with electrophysiologist or patient preference for ICD (n=2).
Clinical Outcome
Follow-up data are shown in Table 2 . Mean follow-up period was 102±68 months. Seventeen patients were ≥70 years at the last follow-up. The mean follow-up period of these 17 patients aged >70 years at the last follow-up was 131.6±87.6 months. Their average age at the last follow-up was 74.8±4.4 years. After they reach 70 years, they were followed for 63.5±52.6 months on average. Two patients died by suicide. Thirty-one patients (26%) experienced appropriate shocks because of VF. There was no documentation of shocks by sustained monomorphic ventricular tachycardia. The incidence of VF during follow-up was significantly higher in the VF group ( Figure 1 ). Among 50 patients who had VF before and during the follow-up period (VF group, 36; syncope group, 13; asymptomatic, 1), the peak age of VF onset was between 30 and 39 years, the age at the first VF was <70 years in all patients (mean age, 45.0±12.1 years; range, 27-69 years; Figure 2A and 2B), and the incidence of VF (VF events per 100 person-years) decreased with age ( Figure 2C ). Although no patients had new onset of VF after 70 years of age, 2 patients who were suspected to have myocardial ischemia experienced VF recurrence after 70 years of age. The first case was an 83-year-old man who was diagnosed with BrS and underwent ICD implantation because of a spontaneous type 1 ECG and a history of syncope during night at the age of 67 years. He developed new onset angina pectoris and underwent percutaneous coronary intervention at the age of 68. He experienced several VF recurrences after the first VF attack at the age of 69 years. However, no VF recurred after the age of 82, when he underwent coronary artery bypass graft surgery. The second case was an 80-year-old man who had undergone ICD implantation because of a spontaneous type 1 ECG and a history of syncope at the age of 63. The first VF attack occurred 8 months after ICD implantation, when he started to take nifedipine and quinidine because he was suspected to have vasospastic angina. However, VF recurred at the age of 80.
After ICD implantation, antiarrhythmic drugs were administered in 4 middle-aged patients in the VF group, and patients in the syncope and asymptomatic group were followed without drug at first. Although antiarrhythmic drugs (quinidine, 200-300 mg/d; denopamine, 15-30 mg/d; cilostazol, 100 mg/d, etc) were started in 5 patients in the VF group and 5 patients in the syncope group who experienced VF recurrence, 6 of 10 developed VF. Only 2 patients were treated with antiarrhythmic drugs (1: quinidine 200 mg/d and 1: quinidine 300 mg/d) during follow-up in the 17 patients who lived beyond 70 years of age. No patients underwent epicardial catheter ablation.
Twenty-eight patients (23%) experienced SVT ( Table 2) including AF in 22 patients, atrial flutter in 5 patients, and atrial tachycardia in 1 patient as of the last follow-up. Mean age at the onset of SVT was 52.3±12.7 years.
Mutations of SCN5A gene were identified in 20 of 80 patients (25%). There were no statistically significant differences in the clinical parameters, including family history of sudden death, spontaneous type 1 ECG, history of AF, VF induction by EPS, and VF recurrence, between patients with and without a SCN5A mutation.
ICD Complications
Device-related complications occurred in 39 patients (33%) during the follow-up period ( Table 2 ). The incidence of complications among the 3 groups was not significantly different. A total of 43 inappropriate shocks occurred in 21 patients. The number of inappropriate shocks was higher than appropriate shocks in the asymptomatic group. Reasons for inappropriate shocks were SVT (n=26), sinus tachycardia (n=6), lead failure (n=5), T-wave oversensing (n=3), and others (n=3). Fifteen patients experienced trouble with a lead 98±41 months after ICD implantation: 10 patients with lead failure, 3 patients with lead perforation, and 2 patients with lead dislodgement. The incidence of lead failure per 145 leads increased over time and reached 13% at the 10-year follow-up ( Figure 3 ). Twenty-one leads (15%) were involved in a device recall or advisory (St. Jude Medical Riata or Medtronic Sprint Fidelis); however, the incidence of such lead failure was not statistically significantly different from ICD leads not involved in a recall process. New lead implantation was performed in all 10 patients including 2 A B C Figure 2 . The age distribution of the first ventricular fibrillation (VF); in total (A), and according to the clinical subgroups (VF group, 36; syncope group, 13; and asymptomatic group , 1; B) , and the incidence of VF depending on each age category (C). Among 50 patients who had VF before and during follow-up period, the peak age of VF onset was between 30 and 39 years, the age at the first VF was <70 years in all patients (range, 27-69 years), and the incidence of VF decreased with age after reaching a peak between 20 and 39 years of age. patients who required lead extraction. Another 10 patients had infection related to the ICD that required lead extraction in all patients including surgical approach in 3 patients. Three patients needed to change the location of generator because of pain. Inappropriate shocks because of SVT occurred in 11 of 28 patients (39%) with SVT (10: AF and 1: atrial flutter). Eight cases of AF were newly detected when inappropriate shocks occurred. These shocks increased with age in accordance with increasing number of SVTs ( Figure 4A ) and reached a peak in patients who were in their sixties ( Figure 4B ).
Discussion
Main Findings
It is thought, albeit with uncertainty, that ICD implantation may provide less benefit to elderly patients with Brugada syndrome, although there is no definite evidence. This study, long-term (about 100 months) follow-up of 120 BrS patients with ICD including 90 high-risk patients, showed that the incidence of VF decreased with age, the first VF never occurred after age of 70 years in all patients, and no VF recurrences occurred after age of 70 years in patients without ischemic heart disease. The inappropriate shocks because of SVT increased with age, and the risk of lead failure also increased over time. Considering the higher risk of ICD complications with age, BrS patients who remain free from VF until 70 years of age might not benefit from an invasive procedure, such as ICD or lead implantation, and lead extraction after 70 years.
Prognosis of Elderly Patients With Brugada Syndrome
There is a considerable number of reports on the clinical characteristics and prognosis of the adult patients with BrS. 2, 3, 8, 9 However, several case reports 10, 11 and only 1 systemic study 12 exist about the clinical characteristics of the elderly patients with BrS. Conte et al 12 retrospectively analyzed 74 BrS patients aged >60 years, among whom 31 patients had ICD, and concluded that the BrS patients aged >70 years might be a lower risk category of patients compared with younger individuals because none of the elderly patients who were >70 years had aborted sudden death. However, the characteristics of their cohort were different from the previous reports of BrS, 3, 8, 9, 13 that is, only 3% of the patients had a history of VF and only 13% of the patients had a spontaneous type 1 ECG. In addition, the mean follow-up period of their study was <55 months, and among 25 patients >70 years, no patients had a history of VF and only 9 patients had syncope. This means that their conclusion was drawn from the cohort consisting of a small number of high-risk patients who were followed for a shorter period than in this study. However, in this study, all the 120 patients including 50 patients who were aged ≥60 years had received ICD. Among them, 70% showed type 1 ECG spontaneously, 30% had a history of VF, and 45% had experienced an episode of syncope. The mean follow-up time was 102 months and 15 of 17 (88%) patients who were >70 years had a history of VF or syncope. Thus, the cohort in this study included a large number of patients not only with higher risk features but also with a much longer follow-up. Furthermore, contrary to the study by Conte et al, in which ventricular arrhythmias of elderly patients were incompletely tracked by a limited number of ICDs (31 patients with age ≥60 years, about 10 with age ≥70 years), this study showed the decennial VF incidence based on a more thorough arrhythmia tracking with a larger number of ICDs (50 patients with age ≥60 years, 17 with age ≥70 years). Although, every patient without a prior history of VF before 70 years of age and most patients with a history of VF experienced no VF after 70 years of age, whereas 2 patients >70 years were taking low-dose quinidine. In 2 elderly patients with VF recurrence, newly developed myocardial ischemia was suspected to trigger VF episodes although there was no ECG evidence showing acute coronary syndrome. This means that BrS patients aged >70 years without ischemic heart disease might belong to a lower risk group of VF patients than younger BrS patients. Actually, as far as we know, there exist no reports of ECG documentation of new onset VF or electrical storm in patients with BrS after 70 years of age. The decreasing incidence of VF with age in the middle-aged to elderly, which was first demonstrated using person-years analysis in this study, might give clues to the understanding of the mechanism of BrS ( Figure 2C ). Supposing that VF attack in BrS is caused by a depolarization abnormality only, 4 the number of ventricular arrhythmias would not decrease with age because structural changes would continue to contribute to arrhythmias. Yet the decreasing incidence of VF after reaching a peak between 20 and 39 years of age may indicate that the repolarization abnormality plays a major role in the pathogenesis of VF in patients with BrS. One of the possible background factors that influence ventricular repolarization is the level of sex hormone that can increase the outward potassium current or decrease the inward calcium current. There have been suggestions that Brugada phenotype has a relationship to the level of sex hormones, 14, 15 and the decrease in blood level of testosterone with aging 16 might contribute to the low incidence of VF in elderly patients. Further studies will be needed to investigate the role of sex hormone in ventricular arrhythmias in BrS.
ICD Complications in Patients With Brugada Syndrome
This study showed a high incidence of inappropriate shocks, lead troubles, and ICD-related infections with increasing age of patients, some of which were reported by previous studies. 1, [17] [18] [19] Moreover, as the second novel finding, we observed that the mean age at the onset of SVT was after middle age (52.3±12.7 years), and that inappropriate shocks because of SVT increased with age ( Figure 4 ). This means optimal programming of ICD including single high-rate VF zone (210-220 beats per minute) and long VF detection interval, and the lead positioning with adequate R-wave discrimination might become essential for the prevention of inappropriate shocks in the elderly BrS patients. Furthermore, catheter ablation can also be effective to reduce inappropriate shocks in patients with AF. 20 ICD generator/lead has been routinely implanted or exchanged in patients with a history of VF or syncope because they have been shown to have a poor prognosis. 1, 3, 8, 9, 17 However, it is difficult to decide not to implant an ICD in asymptomatic patients with multiple risk factors of sudden death (induced VF, strong family history, etc) because we still have no reliable data for predicting a future VF event. This study indicated that the BrS patients who had only syncope or remained asymptomatic until 70 years of age may be spared from a future VF event. In addition, given our data that none of the BrS patients without ischemic heart disease experienced further VF recurrence after 70 years of age, and the increasing risk of inappropriate shocks because of SVT or lead failure with aging, avoidance of an invasive procedure, such as new ICD implantation, or ICD generator/lead exchange may be advisable for such patients. Nevertheless, the device-guided management for patients with low or intermediate risk still remains controversial. Subcutaneous ICD 21 can be implanted as substitute for transvenous ICD for such patients.
Study Limitations
This was conducted at a single-center using retrospective analysis. The small number of patients might limit the interpretation of the results, yet, it should be pointed out that no other reports with a significant number of high-risk elderly BrS patients exist. In addition, the number of VF patients is larger, and the follow-up period in this study is much longer than that of the worldwide multicenter registry of BrS patients with ICD. 17 Furthermore, prospective multicenter studies with larger numbers of patients will be needed to confirm these results.
Conclusions
Long-term follow-up of high-risk BrS patients with ICD showed a low incidence of VF in the elderly patients. Considering the increasing risk of inappropriate shocks because of the relatively late onset of SVT and lead failures, avoidance of ICD implantation or replacement may be considered in elderly BrS patients who remain free from VF until 70 years of age.
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